Purpose: To assess the relationship between corneal endothelial cell loss after phacoemulsification and the location of the clear corneal incision. Methods: A total of 92 patients (92 eyes) with senile cataracts who met the study criteria were included in this cross sectional study and underwent phacoemulsification. The incision site was determined based on the steep corneal meridian according to preoperative keratometry. Endothelial cell density was measured using specular microscopy in the center and 3 mm from the center of the cornea in the meridian of the incisions (temporal, superior, and superotemporal). Phacoemulsification was performed by a single surgeon using the phaco chop technique through a 3.2 mm clear cornea incision. Endothelial cell loss (ECL) was evaluated 1 week, and 1 and 3 months postoperatively. Results: At all time points during follow-up, ECL was comparable among the 3 incision sites, both in the central cornea and in the meridian of the incision (P > 0.05 for all comparisons). However, 3 months postoperatively, mean central ECL with superior incisions and mean sectoral ECL with temporal incisions were slightly higher. Superotemporal incisions entailed slightly less ECL than the other 2 groups. Overall, one month after surgery, mean central ECL was 10.8% and mean ECL in the sector of the incisions was 14.0%. Axial length and effective phaco time (EFT) were independent predictors of postoperative central ECL (P values 0.005 and < 0.0001, respectively). Conclusion: A superotemporal phacoemulsification incision may entail less ECL as compared to other incisions (although not significantly different). The amount of central ECL may be less marked in patients with longer axial lengths and with procedures utilizing less EFT.
INTRODUCTION
Since the first phacoemulsification procedure p e r f o r m e d b y K e l m a n 1 i n 1 9 6 7 , c o r n e a l endothelial cell loss (ECL) remains a serious concern in cataract surgery. 2 Damage to the corneal endothelium is influenced by various pre-and intraoperative factors. 2 In phacoemulsification, the amount of ECL d e t e r m i n e s f i n a l p o s t o p e r a t i v e c o r n e a l transparency and to some extent visual acuity. Thus, attempts to protect the corneal endothelium and to minimize their damage can play an important role in improving quality of life in patients with cataracts. 3, 4 The location of corneal access (the incision site) can influence ECL. 5 According to previous studies, using a scleral tunnel incision, there is no significant difference between superior and temporal incisions selected based on preoperative keratometry. 2 However, in order to minimize postoperative astigmatism, the location of corneoscleral access may vary; 2 in some cases, the surgeon must perform superotemporal incisions. In the current study we compared the amount of ECL after clear cornea phacoemulsification using superior, temporal, or superotemporal incisions. In addition, we evaluated factors which may influence the amount of postoperative ECL in the central cornea and in the meridian of the incisions.
METHODS
A total of 92 patients (92 eyes) were included in this cross-sectional study according to the criteria presented in table 1.
Preoperatively, all patients underwent a complete ophthalmologic examination. Axial length was measured by A-scan ultrasonography (Optikon 2000 SpA, Optikon, Rome, Italy). Before surgery, the site of the clear cornea incision was selected on the steep meridian of the cornea based on keratometry, which was assessed by an autorefracto-keratometer (KR 8800, Topcon, Tokyo, Japan) considering the patient's refraction. Only eyes in which the steepest meridian of the cornea was within 20° of the 0°, 180°, or 90° axes or within 10° of the 45° (for the left eye) or 135° (for the right eye) axes were selected for the purpose of the study.
Preoperatively, endothelial cell density (ECD) was measured using a specular microscope (Tomey EM3000, Tomey Corporation, Miami, FL, USA) in the center of the cornea and 3 mm from the center in the meridian of the incision. For each eye, three measurements were performed and the average value was calculated; at least 100 cells were evaluated in each measurement. ECD measurement was repeated 1 week, 1 month and 3 months postoperatively. In order to measure ECL we used the following formula: For data analysis, SPSS statistical software version 13 was used. Since all parameters were normally distributed and the variances were homogenous, comparison among groups was performed using the ANOVA and comparison within groups was performed by paired t-tests. Correlations among parameters were evaluated utilizing Pearson tests. Ultimately, we used stepwise multiple regression to detect independent influential factors.
RESULTS
Ninety-two patients (92 eyes) including 45 men (48.9%) and 47 women (51.1%) with mean age of 53.0±4.5 (range, 42 to 60) years were allocated to three groups according to the incision site: temporal (24 eyes, 26%), superior (34 eyes, 37%) and superotemporal (34 eyes, 37%). Baseline patient data are presented in table 2. 
Inclusion criteria Exclusion criteria

ECL in the central cornea
O v e r a l l , m e a n c e n t r a l E C D w a s 2542.9±194. Although mean central ECL was not significantly different among the three groups (table 4) , it was significantly reduced within each of them during follow-up (P<0.001 for all comparisons, paired sample t-test).
ECL in the meridian of the incision
Mean ECD in the meridian of the incision was 2749.0±224.6 cell/mm 2 preoperatively (range, 2145 to 3345 cell/mm 2 ). No significant difference was detected among the study groups preoperatively or at any follow-up interval (table 3) .
Overall, mean ECL in the meridian of the incision was 14.0% one month postoperatively. The amount of ECL at different follow-up intervals is presented in table 4. Mean ECL in t he meridian of t he incision was not significantly different among the three groups (table 4), but was significantly reduced within all study groups throughout the follow-up period (P<0.001 for all comparisons, paired Table 4 . Mean ECL (%) in the central cornea and sector of incision in different incision groups sample t-test). Three months postoperatively, the amount of ECL in the temporal incision group was slightly larger than in the other incision groups (14.9%).
In all three groups, mean central ECL was statistically lower than mean ECL in the meridian of the incision at all follow-up intervals (P<0.001, single sample t-test).
Factors Influencing ECL
Three months postoperatively, a significant correlation was observed between mean ECL in the center of the cornea and axial length, operative time, and effective phaco time (EFT). However, there was no correlation between any of the study parameters and ECL in the meridian of the incision (Table 5) .
To determine independent factors related to central ECL, we entered the abovementioned parameters in a stepwise multiple regression model. The results showed that shorter axial length and higher EFT were independent factors influencing ECL in the central cornea (P=0.005 and P<0.001, respectively).
DISCUSSION
In recent years, various techniques have been employed in cataract surgery. The trend in modern cataract surgery is to minimize side effects, such as surgical trauma, corneal burn and loss of endothelial cells, and to reduce the size of the access area to minimize postoperative astigmatism. 6, 7 Phacoemulsification is a safe and effective procedure and represents the gold standard for cataract surgery. 6 Nevertheless it is still associated with trauma. 6 One of the complications of trauma is reduction in corneal ECD. In this study, we assessed the effect of different incision sites on corneal ECL postoperatively, and compared ECL in various incision sectors and also the central cornea.
According to our results, mean central ECLs, 1 week, 1 month, and 3 months postoperatively were 8.12%, 10.85%, and 10.44% respectively, and was comparable with various incisions. Three months after surgery, mean sectoral ECL was comparable among the study groups at 14.9% for temporal incisions, 14.5% for superior incisions, and 14.4% for superotemporal incisions.
Previous studies have reported different amounts of ECL (4.3%, 8 6.2%, 9 11.8%, 3 and 18.3% 10 ), which may be due to various factors such as different surgical technique, incision type and location, and cataract density. The amount of ECL in our patients was higher than that of previous reports. The reason may be that all of our patients had nuclear sclerosis of 3+ to 4+ requiring greater EFT and hence larger ECL. 5, 11 We performed the operation through a 3.2 mm incision on the clear cornea which was expected to minimize ECL. 12 Similar to the study by Walkow et al 2 , we selected the incision site according to preoperative keratometry. They used a superior scleral tunnel for cataract removal and their results showed ECL of 8.5% at 12 months postoperatively. This figure was 11.9% in the temporal quadrant and 11.4% in the superior quadrant. Other reports 13 have shown that mean ECL for temporal clear cornea incisions is more than that of superior scleral tunnel incisions. In concordance with the results of Walkow et al, we found that mean ECL was not significantly different between superior and temporal incisions (both in the corneal center and in the meridian of the incision).
At 3 months, mean ECL in the central cornea for all incision types was slightly less than mean central ECL at 1 month. This finding may be due to migration of peripheral endothelial cells into the central cornea to compensate for the loss. 2 We also found that for all incision sites, mean ECL in the sector of incision was Table 5 . Correlation between study parameters and mean ECL 3 months postoperatively significantly more than that of the central cornea, which may be due to proximity to the phaco handpiece. 14 Our results showed that although mean ECL, both in the corneal center and incision sector, was not significantly different among the three incision groups, mean ECL was slightly less in the superotemporal group than in patients who underwent the operation through superior or temporal incisions. This was true for all postoperative follow ups. We did not find any reports that support these results, but it seems that superotemporal incisions may have a lower risk for surgical trauma and ECL in patients.
In agreement with previous reports 2, 8 we found that 3 months postoperatively, shorter axial length and higher effective phaco time (EFT) were independent predictors for ECL in the central cornea. Walkow et al 2 reported that a greater distance between the phaco tip and the endothelium in longer eyes, or greater relative variations in axial length compared to anterior chamber depth can produce such findings. Other studies have reported other factors related to ECL, such as the amount of ultrasound energy and cataract density. 5 In summary, ECL seems to be comparable after phacoemulsification using different incision sites and the choice of incision may be made based on preoperative corneal keratometry. Postoperative central ECL is associated with with shorter axial lengths and higher EFT.
